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[57] ABSTRACT

Amplitude error compensation is provided for a surface
acoustic wave (SAW) reflective array correlator
(RAC) device having a first reflective array grating fed
by an input interdigital transducer and a second reflec-
tive array grating which feeds the reflected SAW signal
output from the first array grating to an output interdig-
ital transducer. A third or auxiliary reflective array
grating is disposed between the first and second array
gratings to reflect a portion of the SAW signals re-
flected from the first array grating to the second array
grating to an acoustic absorber. The portion of the
SAW signals reflected to the acoustic absorber are
those SAW signals which when present in the output of
the second array grating which 1s fed to the output
transducer produce the unwanted amplitude errors.
The third reflective array grating is fabricated of a
photosensitive polymer material so that the frequency
and amphtude selective configuration of the grating
may be obtained by using photolithographic techniques.

6 Claims, 2 Drawing Sheets
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SAW REFLECTIVE ARRAY CORRELATOR WITH
AMPLITUDE ERROR COMPENSATING
POLYMER REFLECTIVE ARRAY GRATING

GOVERNMENT INTEREST

The invention described herein may be manufac-
tured, used and licensed by or for the Government for

governmental purposes without the payment to me of
any royalties thereon.

FIELD OF INVENTION

This invention relates to surface acoustic wave
(SAW) devices and more particularly to a SAW reflec-
tive array correlator wherein unwanted time sidelobes
or amplitude errors in the output of the correlator are
minimized or eliminated by the use of a polymer reflec-
~tive array grating.

DESCRIPTION OF THE PRIOR ART

SAW devices essentially convert input RF electric
signals into surface acoustic waves (SAWs) for the
purpose of signal processing or for obtaining a time
delay, for example, and then reconvert the processed or
delayed SAWs back into output RF electric ‘signals.
These devices are extremely useful because the very
low velocity of acoustic waves relative to the velocity
of electromagnetic waves makes it possible to produce
relatively long electric signal time delays in a device
having a very small physica!l size.

SAW reflective array correlators or compressors
(RAC:s) are often used for bandwidth dispersive appli-
cations, such as pulse compression and chirp signal
processing, for example. The SAW RAC devices used
in these applications play an important role in modern
compressive microscan recetvers such as advanced
military signal intelligence receivers, for example,
where the presence of amplitude error or ripple in the
RAC output contribute to time sidelobes which ad-
versely affect receiver dynamic range. Similarly, SAW
RAC devices are also used in modern pulse compres-

sion radars where the presence of amplitude error in the

RAC output will again contribute to time sidelobes
which adversely affect the target resolution capability
of the radar.

Unfortunately, several factors, such as production
imperfections in the fabrication of the SAW RACs, for
example, cause the RACs to have the unwanted ampli-
tude errors or ripple in their output and thus to degrade
their performance for the abovementioned applications.
At the present time, however, normal SAW RAC de-
vice operation does not employ any internal amplitude
error compensation but only provides for phase error
compensation by means of a thin metal phase plate or
film which 1s patterned to compensation for the phase
errors.

SUMMARY OF THE INVENTION

It is an object of this invention to provide a SAW
RAC having internal amplitude error compensation
means employing a polymer reflective array grating.

It 1s a further object of this invention to provide a
SAW RAC having internal amplitude error compensa-
tion means which may be fabricated relatively simply
and inexpensively using established manufacturing
techniques.
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It is a still further object of this invention to provide .

a SAW RAC having an amplitude error compensating

2

polymer reflective array grating which may be pat-
terned by using well known photolithographic tech-
niques.

Briefly, the amplitude error compensated SAW RAC
of the mnvention comprises a piezoelectric crystal sub-
strate having a pair of oppositely disposed ends and a
planar surface between the ends. Input interdigital
transducer means are disposed on the substrate surface
adjacent one of the pair of substrate ends for propagat-
ing SAW signals along a first path on the substrate
surface toward the other of the pair of substrate ends in
response to an input RF signal applied to the transducer
means. Output interdigital transducer means are dis-
posed on the substrate surface adjacent the one sub-
strate end for converting SAW signals travelling along
a second path on the substrate surface from the other
substrate end toward the one substrate end to an output
RF signal. The output RF signal contains known ampli-
tude errors at known frequencies. The second path is
substantially paralle] to the first path. First dispersive
reflective array grating means are disposed along the
first path for reflecting the SAW signals travelling
along the first path along a plurality of frequency dis-
persed third paths on the substrate surface toward the
second path. The third paths traverse the second path.
Second dispersive reflective array grating means are
disposed along the second path for reflecting the SAW
signals travelling along the plurality of third paths along
the second path toward the output transducer means.
Acoustic absorber means are disposed on the substrate
surface adjacent the other substrate end between the
first reflective array grating means and the second re-
flective array grating means for acoustically absorbing
SAW signals travelling along a fourth path on the sub-
strate surface from the one substrate toward the other
substrate end. The fourth path is disposed between the
first path and the second path and is substantially paral-
lel to the first path and the second path. Third disper-
sive reflective array grating means having a frequency
and amplitude selective configuration are disposed
along the fourth path on the substrate surface for re-
flecting along the fourth path toward the acoustic ab-
sorber means amplitude error compensation SAW sig-
nals selected from the SAW signals reflected from the
first reflective array grating means toward the second
reflective array grating means along the plurality of
third paths. The amplitude error compensation SAW
signals have amplitudes and frequencies which correct
for the known amplitude errors at the known frequen-
cies in the output RF signal when the amplitude error
compensation SAW signals travelling along.the fourth
path are deleted from the SAW signals travelling along
the second path toward the output transducer and fed to
the acoustic absorber means. The third reflective array
grating means 1S a dispersive reflective array grating
comprising a plurality of strip reflectors disposed on the
surface of the substrate. Each of the plurality of strip
reflectors is fabricated of a photosensitive polymer ma-
terial.

The nature of the invention and other objects and

‘additional advantages thereof will be more readily un-

derstood by those skilled in the art after consideration
of the following detailed description taken in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:
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FIG. 1 1s a schematic perspective view of the ampli-
tude error compensated SAW RAC of the invention;
and -

FIG. 2 1s a graphical representation showing the
insertion loss as a function of frequency for both ampli-

~ tude error compensated SAW RACs and uncompen-
sated SAW RACG:s. |

DESCRIPTION OF THE PREFERRED
EMBODIMENT OF THE INVENTION

10

Referning now to FIG. 1 of the drawings, there is
‘shown an amphtude error compensated SAW RAC -
constructed in accordance with the teachings of the

~ present invention comprising a piezoelectric crystal

substrate, indicated generally as 10, which has a pair of 15

ends 11 and 12 and a planar surface 13 between the ends
11 and 12. An input interdigital transducer 14 is dis-
posed on the substrate surface 13 adjacent the substrate

end 11 and propagates SAW signals along a first path

indicated schematically by the dot-dash line 15 on the

~substrate surface toward the other end 12 of the sub-

strate 1n response to an input RF signal applied to the

transducer means. The width of the path 15 over which

20

the SAW signals are transmitted is, of course, approxi-

- mately the same width as the transducer 14. The trans-
ducer 14 may comprise a thin film of aluminum or other
conductive metal which is deposited on the surface 13
- of the substrate in accordance with well known fabrica-
tion techniques. The input RF signal voltage is applied
between the two interleaved sets of fingers of the trans-
ducer and the input leads have been omitted from the
drawing for simplicity of illustration. An output inter-
digital transducer 16 is disposed on the substrate surface

13 adjacent the same substrate end 11 and serves to

convert SAW signals travelling along a second path
indicated schematically by a dot-dash line 17 from the
‘other substrate end 12 toward the substrate end 11 to an
~output RF signal which usually contains amplitude
errors at certain frequencies. These amplitude errors
and the frequencies at which they occur may be ascer-

25

30

35

tained or become “known” from the RF signal output -

by means of amplitude vs. frequency tests which are

well known in the art. The output transducer 16 is of the -

- same construction as the input transducer 14 and may be
fabricated in the same manner.

Farst dispersive reflective slanted array grating

-means, indicated generally as 18, are disposed along the

© first path 15 on the substrate surface 13. The first disper-
sive reflective array grating means 18 comprises a plu-
rality of reflectors 19 which are slanted approximately
45 degrees with respect to the propagation path 15 so
‘that the SAW signals travelling along the first path 15

435
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reflective slanted array grating means are dispersive
gratings which means that the spacing between adja-
cent individual reflectors in each array grating varies as .
a function of the distance from the end 11 of the sub-
strate to the end 12 of the substrate so that the plurality
of third paths 20A through 20N are frequency dis-
persed. For example, with the array configuration illus-
trated, the frequency of the SAW signals reflected
along the third path 20N, which is the path closest to
the end 11 of the substrate, would be lower than the
frequency of the SAW signals reflected along the third
paths 20B and 20A which are closer to the other end 12
of the substrate, so that the frequency of the reflected
SAW signals would increase as a function of the dis-
tance of the third path from the substrate end 11.

The individual strip reflectors of the array gratings 18
and 21 may be formed on the substrate 10 by means of
thin-film deposits of aluminum on the surface 13 of the
substrate or by means of shallow grooves which are
etched into the substrate surface in accordance with
known techniques. A phase plate 23 which may com-
prise a thin film of aluminum or-other conductive metal
1s formed on the surface 13 of the substrate between the
first array grating 18 and the second array grating 21
and 1s patterned in accordance with well known tech-
niques to compensate for phase errors appearing in the
output RF signal from the output transducer 16. The
phase plate 23, however, merely changes the propaga-
tion velocity of the reflected SAW signals travelling
along the third paths 20A through 20N and therefore
will not compensate for amplitude errors which appear
in the output RF signal from the transducer 16. The
fabrication and opcration of the SAW RAC thus far

‘described is well known in the art and will not be de-

scribed further herein except to note that the substrate
10 is usually made of quartz when the individual strip
reflectors of each of the arrays 18 and 21 are made of
metal reflecting strips and is made of a material such as
lithium niobate when the individual reflectors of each
array are formed by etched grooves.

The SAW RAC of the invention also provides inter-
nal amplitude error compensation by means which will
now be described. As seen in FIG. 1, acoustic absorber
means 24 are disposed on the surface 13 of the substrate
10 adjacent the substrate end 12. The acoustic absorber
means 24 are disposed between the first reflective array
grating means 18 and the second reflective array grating

‘means 21 and serve to acoustically absorb SAW signals

travelling along a fourth path 25 on the substrate sur-
face 13 from substrate end 11 toward substrate end 12.
It will be noted that the fourth path 25 is disposed be-

- tween the first path 15 and the second path 17 and .is

from the input transducer 14 are reflected by these

paths indicated schematically by the dot-dash lines 20A,
20B,-20N which are dlsposed approximately 90 degrees
with respect to the axis of the first path 15, whereby the
reflected SAW signals are directed toward a second
- dispersive reflective array grating means, indicated

- generally as 21, which is disposed along the second path

17. The reflected SAW signals travelling along the
‘plurality of third paths 20A through 20N from the first
array grating 18 are further reflected toward the output
transducer 16 by the individual reflectors 22 which
form the second array grating 21 because the reflectors
22 of the second array grating are almost perpendicular
with respect to the corresponding reflectors 19 of the
first array grating 18. Both the first and the second

 reflectors along a plurality of frequency dispersed third
35

65

substantially parallel to both the paths 15 and 17. In
practice, the acoustic adsorber means may comprise an
area of acoustically absorbing material such as rubber
cement, silicone adhesive or wax, for example, which is
deposited on the substrate surface 13.

The SAW RAC of the invention also comprises third
or auxiliary dispersive reflective array grating means,

indicated generally as 26, which are disposed along the

fourth path 25 on the substrate surface 13. The third

dispersive reflective array grating means 26 has a fre-

quency and amplitude selective configuration formed
by a plurality of discreet packets 27A, 27B,~27N which
are each composed of varying numbers of individual
strip reflectors. The reflectors in each of the packets
26A through 26N should have the same periodicity and
angular orientation as the reflectors 19 of the first dis-
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persive array grating 18. The function of this auxiliary
reflective array grating 26 is to reflect along the fourth
path 25 toward the acoustic absorber means 24 ampli-
tude error compensation SAW signals which are se-
lected from the SAW signals travelling along the plural-
ity of frequency dispersed third paths 20A through 20N
from the first array grating 18 to the second array grat-
ing 21. The amplitude error compensation SAW signals
which are reflected along the fourth path 25 by the
third or auxiliary array grating 26 have amplitudes and
frequencies which correct for the known amplitude
errors at the known frequencies in the output RF signal
from output transducer 16 when the amplitude error
compensation SAW signals travelling along the fourth
path 2§ are deleted from the SAW signals travelling
along the second path 17 and fed to the acoustic ab-
sorber means 24 where they are harmlessly absorbed.

In accordance with the invention, the third or auxil-

1ary dispersive reflective array grating 26 is formed by

strip reflectors which are fabricated of a photosensitive
polymer material. The term ‘“‘photosensitive polymer
material” as used herein denotes a polymer material
such as polyimide or a polymer photoresist material
such as polymethylmethacrylate which is easily pat-
terned or shaped by making use of known photolitho-

graphic techniques. The individual strip reflectors of

the third array grating 26 would have a uniform thick-
ness, i.e. height as measured from the substrate surface
13, and would be disposed in the discreet packets 27A
through 27N which form the array grating. The dis-
creet packets 27A through 27N of reflectors in the
auxiliary array grating 26 are located at those spatial
positions or selected points along the length of the
fourth path 25 which correspond to the SAW signal
frequencies responsible for the known amplitude errors
at the known frequencies in the output RF signal from
the output transducer 16. These selected points or spa-
tial locations would be at frequencies where the inser-
tion loss of the SAW device was maximum, i.e., regions
of maximum amplitude vs. frequency response. The
number of reflectors in each of the plurality of discreet
packets of reflectors 27A through 27N may be selec-
tively varied to control both the amplitudes and fre-
quencies of the fourth path amplitude error compensa-
tion SAW signals which are deleted from the normal
RAC output SAW signals travelling along the second
path 17 to the output transducer 16. Similarly, the shape
of the “envelope” of each of the plurality of discreet
packets of reflectors 27A through 27N may be selec-
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tively varied to effect a finer or “vernier” adjustment of 50

amplitudes and frequencies of the amplitude error com-
pensation SAW signals. The shape of the envelope of a
packet of reflectors may be controlled by selectively
varying the lengths of the individual strip reflectors
forming that particular packet. For example, in packet
27B of the array configuration shown in FIG. 1, .the
envelope shape 1s somewhat elliptical because the first
and the last reflectors in the packet are shorter in length
than the two center reflector strips.

The amplitude error compensated SAW RAC device
of the invention may be fabricated in the following
manner. After or when the first dispersive array grating
18 and the second dispersive array grating 21 are
formed on the substrate surface 13 together with the
transducers 14 and 16 and the phase plate 23, the acous-
tic absorber 24 may be formed on the surface of the
substrate together with a linearly dispersive array of the
polymer reflector strips 27 of the third or auxihary

F 4
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reflective array grating 26. The third array grating 26 at
this time would have exactly the same configuration as
the first array grating 18 and would not be divided into
the discreet groups or packets of reflectors 27A through
27N. The preliminary amplitude vs. frequency tests
would then be made and the polymer reflector strips of
the third array grating 26 would be selectively removed
using ‘photolithographic techniques leaving behind only
the desired packets and configurations of packets
needed to effect the amplitude error compensation.
Although it is possible to fabricate the SAW RAC of
the invention by performing the amplitude vs. fre-
quency tests before the third or auxiliary reflective
array grating 26 is placed on the substrate surface 13
and then to place the desired number of packets and
packet configurations at the desired points along the
length of the fourth path 25 in the third array grating
until any amplitude errors appearing in the output of the
SAW RAC device were eliminated or mimimized to a
satisfactory point, the most practical and straight-for-
ward way would appear to be to place the entire com-
plete third array on the grating and then to selectively
remove individual reflector strips as needed to form the
desired number of packets and packet shapes. By fabri-
cating the third reflective array grating 26 from reflec-
tor strips made of a photosensitive polymer matenal,
the aforementioned well known photolithographic
techniques may be readily and inexpensively employed
to create the amplitude error compensation desired. It
should be pointed out, of course, that the polymer re-
flector strips of the third or auxiliary array grating 26
may be utilized regardless of the type of reflector strips
that make up the first reflective array grating 18 and the
second reflective array grating 21, i.e., metallic strips or
grooves.

- FIG. 2 of the drawings 1s a graphical representation
showing insertion loss of a SAW RAC device as a func-
tion of frequency over the operating frequency band-
width of the device. Curve 28 shows the response of a
SAW RAC which does not have amplitude error com-
pensation while curve 29 shows the response of an am-
plitude error compensated SAW RAC device. From an
inspection of FIG. 2, it will be noted that curve 29 is
much flatter than curve 28 over the operating fre-
quency bandwidth of the device showing that the un-
wanted fluctuations in insertion loss which represent
the unwanted amplitude errors or ripples are effectively
minimized or eliminated. |

It is believed apparent that many changes could be

made in the construction and described uses of the fore-
gomng amplitude error compensated SAW RAC and
many seemingly different embodiments of the invention
could be constructed without departing from the scope
thereof. Accordingly, it is intended that all matter con-
tained in the above description or shown in the accom-
panying drawings shall be interpreted as illustrative and
not 1in a limiting sense.

What 1s claimed is:

1. An amplitude error compensated SAW reflective

array correlator comprising:

a piezoelectric crystal substrate having a pair of op-
positely disposed ends and a planar surface be-
tween said ends; |

input interdigital transducer means disposed on said
substrate surface adjacent one of said pair of sub-
strate ends for propagating SAW signals along a
first path on said substrate surface toward the other



5,138,215

7

of said pair of substrate ends in response to an input
RF signal applied to said transducer means;

output interdigital transducer means disposed on said
substrate surface adjacent said one substrate end
for converting SAW signals travelling along a 5
second path on said substrate surface from said
other substrate end toward said one substrate end
to an output RF signal, said output RF signal con-
taining known amplitude errors at known frequen-
cies, said second path being substantially parallel to
said first path;

first dispersive reflective array grating means dis-
posed along said first path for reflecting the SAW
signals travelling along said first path along a plu-

- rality of frequency dispersed third paths on said 15

substrate surface toward said second path, said
third paths traversing said second path;
second dispersive reflective array grating means dis-
posed along said second path for reflecting the .
SAW signals travelling along said plurality of third
paths along said second path toward said output
transducer means; |
acoustic absorber means disposed on said substrate
surface adjacent said other substrate end between
said first reflective array grating means and said
second reflective array grating means for acousti-
cally absorbing SAW signals travelling along a
fourth path on said substrate surface from said one
substrate end toward said other substrate end, said
fourth path being disposed between said first path
and said second path and being substantially paral-
lel to said first path and said second path; and
- third dispersive reflective array grating means having
a frequency and amplitude selective configuration
disposed along said fourth path on said substrate
surface for reflecting along said fourth path toward
sald acoustic absorber means amplitude error com-
pensation SAW signals selected from said SAW
signals reflected from said first reflective array
grating means toward said second reflective array
grating means along said plurality of third paths,
said amplitude error compensation SAW signals
having amplitudes and frequencies which correct
for said known amplitude errors at said known
frequencies in said output RF signal when said
amplitude error compensation SAW signals travel-
ling along said fourth path are deleted from said

50
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SAW signals travelling along said second path
toward said output transducer and fed to said
acoustic absorber means, said third reflective array
grating means being a dispersive reflective array
grating comprising a plurality of strip reflectors
disposed on said surface of said substrate, each of
said plurality of strip reflectors being fabricated of
a photosensitive polymer material,

each of said first, second and third reflective array

' grating means comprising a linearly dispersive

reflective array grating,

said first, second and third dispersive reflective array

gratings have the same periodicity, and

said frequency and amplitude selective configuration

of said third dispersive reflective array grating
comprises a plurality of discrete packets of reflec-
tors disposed at selected points along said fourth
path, said selected points being at SAW signal
frequencies responsible for said known amplitude
errors at said known frequencies in said output RF
signal.

2. An amplitude error compensated SAW reflective
array correlator as claimed in claim 1 wherein said
photosensitive polymer material is polyimide.

3. An amplitude error compensated SAW reflective
array correlator as claimed in claim 1 wherein said
photosensitive polymcr material 1s a photoresist mate-
rial.

4. An amplitude error compcnsated SAW reflective
array correlator as claimed in claim 3 wherein sald
photoresist material is polymethylmethacrylate.

S. An amplitude error compensated SAW reflective
array correlator as claimed in claim 1 wherein the num-
ber of reflectors in each of said plurality of discrete
packets of reflectors is selectively varied to control the
amplitudes and frequencies of said fourth path ampli-
tude error compensation SAW signals.

6. An amplitude error compensated SAW reflective
array correlator as claimed in claim 1 wherein the shape
of the envelope of at least one of said plurality of dis-
crete packets of reflectors is selectively varied by selec-
tively controlling the lengths of the reflectors in said
one packet to control the amplitudes and frequencies of
said fourth path amplitude error compensation SAW

signals.
» x 2 % %
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